Abstract. The present study of spectra of twelve metalrich cool dwarf stars, carefully selected in order to cover a range of temperatures (∼ 4400 − 6000 K), is a follow up on Feltzing & Gustafsson (1998) with the aim to understand the apparent over-ionization and anomalous elemental abundances found by them for the K dwarf stars in their sample.
Introduction
The atmospheres of dwarf stars retain, except for a small number of elements, the chemical composition of the gas they were formed out of. This makes them ideal as tracers of the galactic chemical evolution. and kinematical data is a powerful method in studies of the galactic chemical evolution. The last decade have seen several studies of stellar abundances of large numbers of dwarf stars with known kinematics and derived ages, eg. Edvardsson et al. (1993) (hereafter EAGLNT93), Feltzing & Gustafsson (1998) (FG98) , Fuhrmann (1998) and Chen et al. (2000) . These studies have mainly been concerned with the warmer F and G dwarf stars and the general trends of the different elements are now well established and their gross features can be reproduced, for most elements, by models of galactic chemical evolution, eg. Samland (1998) and Timmes et al. (1995) . Well defined abundance trends for stars more metal rich than the Sun can also provide vital clues to the production sites of several elements (see Samland, 1998 ). The evolution above [Fe/H] ∼ 0.1 dex is still, however, fairly poorly sampled and several elements show large scatter. One reason for this is the relative rarity of the most metal-rich stars. FG98 studied a sample of 47 F, G and K dwarf stars with metallicities above solar. In general they confirmed the trends found in EAGLNT93, now also confirmed in Chen et al. (2000) . However, for the cool K dwarf stars in their sample FG98 found both an apparent over-ionization as well as odd abundances for several elements. Thorén (2000) has shown that the odd Ca abundances were not, as originally thought, due to NLTE effects (see also Drake, 1991) , but wrongly calculated damping parameters. The other effects, though, remain to be explained.
Sect. 2 describes the observations. Sect. 3 reports on the data reduction and analysis. In sect. 4 the stellar abundances are presented. This is followed by a discussion in sect. 5 and conclusion in sect. 6.
Observations

Selection of objects
In order to, as efficiently as possible, study the behaviour of Ca and departures from ionizational equilibrium in metal-rich dwarf stars we have selected stars with a wide range of effective temperatures (∼ 4400 − 6000 K).
In our selection of stars we used stellar parameters derived from Strömgren photometry using the calibration in Olsen (1984) . The stars are not distant and interstellar reddening is therefore expected to be negligible and was not taken into account. The data for the ten stars selected in this way are presented in the first part of Table  1 . Three of these stars, HD 32147, HD 61606A and HD 69830, were previously studied by FG98. Two other dwarf stars, HD 4307 (HR 203) and HD 20807 (HR 1010), studied in EAGLNT93, were chosen to provide a consistency check on both reductions as well as the subsequent abundance analysis. The data for these two stars are presented in the second part of Table 1. HD 26441 was originally selected as a program star, however it soon became clear that this is a doubled lined binary star. This was not known at the time of selection, but has later been confirmed by Martin & Mignard (1998) . Attempts have been made to determine the abundances for this double star, but the uncertainties proved to be too large. However, the spectra show that the masses must be rather similar. Assuming a similar metallicity ([Fe/H]=0.15) of the two components the difference in masses (which give the temperature and radius) suggest one component of solar mass and one of slightly lower mass. This is consistent with the results by Martin & Mignard (1998) , who find M 1 = 1.036 ± 0.209 M ⊙ and M 2 = 0.824 ± 0.168 M ⊙ .
Finally, we also include a re-analysis of stellar spectra for five dwarf stars, originally taken for FG98. These are presented in the third part of Table 1 .
Selection of wavelength regions
The Long Camera on the CES only allows observation of one short wavelength interval at a time, typically a few times 10Å. This means that we had to make a careful selection of wavelength regions. Seven wavelength regions were selected such that a maximum number of unblended strong and weak Ca lines were observed.
The choice of wavelength regions was made so as to maximize the numbers of useful (for abundance determination) lines from elements other than Ca. In particular we wanted to cover a large range in excitation potential for Fe i lines (this later proved vital for our analysis) as well as Fe ii, Ni i, Cr i and Cr ii.
We were furthermore guided in our selection by the solar line table by Moore (1966) and the solar atlas by Kurucz et al. (1984) . Our final seven wavelength regions are centered at 5248, 5880, 6105, 6162, 6445, 6798, and 8520Å . For spectral coverage of single stars, see Table  2 . Note, for the five re-analysed stars, that these spectral regions were not analysed in FG98.
Instrumental setup and observations
The spectra were obtained with the ESO CAT-CES November 19 -December 1 1995. The Long Camera and ccd 38 were used, with a nominal spectral resolution of 70,000-100,000, depending on wavelength region. The true resolution is slightly lower in the blue due to bleeding in the ccd. Typical S/N ratios were between 150 and 200.
Spectra from five stars of the sample of FG98 were also analysed with the methods described in this work. The stars were observed with the 2.7 m telescope at the McDonald Observatory, University of Texas, spring 1994. The results of this subsample should be looked upon with caution since we have not managed to analyse all the lines used in the ESO CAT sample and also since it has been observed with a different instrument. The description of the McDonald observation run can be found in FG98.
Reductions and abundance analysis
Basic reduction steps
The spectra were reduced with the ESO MIDAS (Banse et al., 1988) software. First the bias was subtracted from all science and calibration frames. Then the flatfield images were coadded and all science frames divided by these, normalized, flatfields. The stellar and calibration spectra were then extracted from the frames.
Calibration spectra, from a Th-Ar lamp, were obtained for each wavelength setting. The lines in the Th-Ar spectrum were identified using a Th-Ar atlas (D'Odorico et al., 1987) . Finally the stellar spectra were wavelength calibrated using the LONG context in MIDAS.
A spectrum of a cool dwarf star is rich in lines which makes the definition of the continuum difficult in many cases. Therefore we did not only use continuum points identified in a solar atlas (Kurucz et al., 1984) and the Arcturus Atlas by Griffin (1968) but also calculated synthetic stellar spectra to define the exact continuum.
The final continuum level was decided upon through an iterative process were also the stellar parameters were adjusted to obtain optimal fits to the continuum as well as retaining excitational equilibrium for Fe i.
An example of the quality of our spectra as well as the goodness of the fit of the synthetic spectra to the observed ones is shown in Fig. 1. 
Scattered light
Due to scattered light from an unknown source in the ccd frames, a background varying in both dispersive and cross-dispersive direction had to be removed from them. This background had a similar pattern as the fringing pattern which is normally seen in the red, but with a lower amplitude and sometimes slightly shifted in one or both directions. It was also time-dependent and therefore its effect on the spectra for the fainter stars was very strong. Table 1 . Stellar model parameters, both as first derived from photometry and as derived from the stellar spectra themselves after iteration (see Sect. 3.6 ) and used in the final abundance analysis. Resulting abundances are presented in Table 5 . G=typical Gaussian profile FWHM convolved with models to fit observed spectra. log g π = surface gravities calculated from Hipparcos parallaxes, see sect. 3.6. The two stars in section 2 of the table are the hot metal poor dwarfs in common with EAGLNT93. The parameters showed are the same as EAGLNT93 used in their analysis. The last five stars are parameters of FG98 stars -the 2.7m McDonald spectra from that sample have been analysed with the methods described in this work. A polynomial function was fitted to the smoothed background with the MIDAS SKYFIT/LONG procedure. After background subtraction the reduced spectra became considerably cleaner. Without removal of the background the patterns were still visible after division with flatfields, since the flatfields were taken with a short exposure time, not long enough to produce the scattered light background component.
Stellar parameters
Initial stellar parameters were determined from Strömgren photometry. The colours were taken from the catalogues in Olsen (1993) and Olsen (1994) . We used the calibration in Olsen (1984) , which is valid for G to K dwarf stars. 
for stars with b − y < 0.51. The stellar parameters were subsequently changed for some of the stars, see Sect. 3.6 and Table 1.
Model atmospheres
We used the MARCS code, first described by Gustafsson et al. (1975) , to generate the model atmospheres. Since then the program has been further developed in various ways and updated in order to handle the line blanketing of millions of absorption lines more accurately, see EAGLNT93 and Asplund et al. (1997) . In particular, these models reproduce the continuous opacity and ionizing radiation field in UV better.
Atomic line data
Basic line data were taken from the VALD database (Piskunov et al., 1995) . For Ca we used oscillator strengths from Smith (1981) and, for Ca 6162, from Smith & O'Neill (1975) .
For other elements we derived log gf values both for the lines in Table A .1 and lines (not used in the abundance analysis) in the wings of strong lines. Astrophysical oscillator strengths were derived from the observed solar spectra. For the 6798Å region no spectrum was achieved for the Sun. A Kurucz solar spectrum was used for that Barklem & O'Mara (1997) and Barklem et al. (1998) were calculated with the Uppsala code SPEC-TRUM and used for all elements except Ca. These damping parameters give a good fit. The damping calculations are not available for all transitions. For those transitions a δΓ 6 damping value typical for that element was inserted. These are shown in Table A.1. One of the aims of the project was the comparison of LTE and NLTE analysis for Ca (Thorén, 2000, in preparation) . The pressure damping treatment used in SPECTRUM (Anstee & Barklem, 1997 and Barklem, 1998) is not available for MULTI (Carlsson, 1986 ) (the code used for the NLTE calculations, see Thorén, 2000, in preparation) , therefore pressure damping data for Ca were taken from Smith (1981) and O'Neill & Smith (1980) to achieve maximum consistency with the NLTE analysis.
Abundance determinations
To derive stellar abundances we used standard LTE calculations. The procedure differs in some important ways from that of EAGLNT93 and FG98 and therefore merits a separate discussion. We now briefly describe our iterative process for finding stellar parameters and determine the exact continua in difficult regions:
The instrumental profile was determined by adjusting the width of a Gaussian convolved with the synthetic spectrum generated with SPECTRUM. In the NLTE study (Thorén, 2000 , in preparation) the same Gaussian width is used. For some stars the Gaussian width varied with a small amount (< 10%) from region to region. The Gaussian profile simultaneously accounts for the instrumental profile and any effect of stellar rotation and macroturbulence. The Gaussian FWHM width varied between 4.5 and 8.5 km/s (except the spectra from the sample of FG98, some of which had FWHM down to 3.5 km/s). Typical Gaussian widths for each star is given in Table 1 .
Observed stellar spectra were compared with synthetic spectra generated with SPECTRUM. To estimate corrections to the stellar parameters derived from the Strömgren photometry, equivalent widths were obtained from the fitted synthetic spectra. This was done for the three wavelength regions centred at 6162, 6455, and 6798Å. These regions are the same as those containing Ca lines in FG98. Using derived abundances for Fe lines and their equivalent widths measured in the synthetic spectra we could constrain effective temperature and microturbulence by imposing excitation balance (effective temperature) and minimizing the spread in derived abundance (microturbulence).
An example, for HD 32147, of corrections with respect to excitation balance is given in Fig. 2 . The effective temperature was raised from 4625 K to 4825 K in order to reach excitation balance. In total four of our stars needed temperature adjustments. They were among the coolest stars in the sample and the adopted correction was in all cases +200 K, see Table 1. In the next step, the other spectral regions were analyzed with synthetic spectra. The surface gravity was first determined by fitting the pressure broadened Ca i line at 6162Å. However, when this line was well fitted the quality of the fit of the synthetic spectra in the other regions was not always optimal. For the cool K dwarf stars there are many more lines that are affected by changes in log g. We therefore decided to fit the surface gravity by optimizing the fits of strong lines in all wavelength regions. Examples of the fitting are shown in Fig. 3 .
The effective temperature and surface gravity parameters were then changed in order to achieve excitation balance in Fe (effective temperature, now using the full spectral coverage) and good fits, in the synthetic spectra, of the wings of strong lines (surface gravity). The choice of surface gravity from synthetic spectral analysis seems to be appropriate also when examining the ion/neutral ratios in Fig. 5 where the signs of overionization is shown to be moderate.
A comparison with surface gravities derived from parallaxes can now be done with the accurate data from Hipparcos (Perryman, 1997) . With the formula (e.g. Gustafs-
we get, with M bol⊙ = +4.76 (Mihalas and Binney, 1981) , log g ⊙ = 4.44 and T eff⊙ = 5780
The parallax surface gravities of the dwarves are presented in Table 1 . Parallaxes and V-magnitudes were obtained from the Hipparcos catalogue, which contained data for all objects but HD 23261. Masses and bolometric corrections were derived from Table 3-6 in Mihalas & Binney (1981) and the absolute magnitudes derived from the Hipparcos catalogue. Masses for two of the stars, HD 12235 and HD 69830, have been derived by Feltzing et al. (2000) and these agree within 0.02 dex to the masses estimated in this work. The parallax gravities agrees in most cases well with the ones derived by spectroscopy. Note that the largest deviations appears in the re-analysed FG98 sample, which contains less spectra for our abundance analysis.
Error budget from the analysis
3.7.1. NLTE effects in Fe i and Ca i NLTE abundance errors for low-excitation Fe lines would be important especially for the stars that have required temperature changes to obtain excitation balance in Fe i lines; HD 21197, HD 32147, HD 42182 and HD 213042. These are among the coolest stars, which may raise some suspicion about NLTE effects for low excited Fe i lines for cool metal rich stars. Holm (1996) and Thevenin & Idiart (1999) calculate Fe NLTE correction for stars with parameters close to the cool dwarf stars in this sample. In both works it seems that NLTE effects decrease and disappear when stellar parameters approach the parameters of our dwarf stars. Therefore we assume that NLTE effects for Fe i can be neglected and that our use of Fe i line excitation balance may safely be used.
NLTE effects in Ca have been explored by Thorén (2000, in preparation). They are shown to be small for cool dwarf stars. For the hotter dwarf stars in this sample LTE Ca abundance values may be slightly too high. However the effects increase with line strength and the lines used in this work never get strong enough to produce significant errors.
Line data
Errors in the atomic line data are restricted to the changes we have made to fit the ESO CAT solar observations, to the broadening parameters calculated with the theories presented in Anstee & O'Mara (1995) , Barklem & O'Mara (1997) and Barklem et al. (1998) and to the laboratory measurements presented by Smith (1981) . The error in the atomic data from the latter source is reported to be small (<5 %). The theoretically calculated pressure broadening parameters have been tested in Anstee & O'Mara (1995) , Barklem & O'Mara (1997) and Barklem et al. (1998) by calculating solar abundances. These abundances are shown to be consistent with meteoritic abundances. In the work presented here erroneous damping parameters would be visible when fitting synthetic spectra. Therefore we conclude that such errors are negligible for our analysis.
The error in astrophysical oscillator strength corresponds to the error in fitting the solar data, <0.05 dex.
Continuum fitting
The continuum levels have been drawn with help of synthetic spectra. Thus the errors in these are more dependent on the spectral synthesis than on anything else. Possible errors in the continuum levels have been included in the errors from spectral fitting. These are deemed to be small (< 0.1 dex) and in cases of doubts concerning the continuum level, lines have not been included in the abundance analysis.
Background subtraction
The subtracted scattered light background component could possibly introduce an error, if the background model is badly represented. This would be visible as a continuum difficult to define and such errors are included in the line profile fitting (Sect. 3.7.6).
3.7.5. Instrumental profile and macroscopic stellar broadening
The combined line profile broadening by the instrument and any stellar macroscopic broadening were represented by a Gaussian profile that was convolved with the synthetic spectra. This had to be fitted to every new spectral region and star since the resolving power varies with wavelength. The fitting was done by examining the shapes of all lines in an observed spectrum. For most stars and regions the Gaussian profile had a FWHM of ∼ 5.0 km/s. If an erroneous profile would be used, the measured abundances would be wrong. The maximum error from misfitted Gaussian profiles is probably < 0.05 dex, considering the large number of lines used to determine the instrumental profile. An inconsistent FWHM value would be visible in form of a systematic shift in the abundances for the wavelength region and star concerned.
3.7.6. Synthetic line profile fitting
This error source includes uncertainties in the continuum. In most cases the line fitting uncertainty have been judged to 0.03-0.1 dex. For strong lines it may be larger. However the abundances do not change significantly when the stronger lines are excluded.
3.7.7. Errors in derived abundances due to errors in stellar parameters
Because of the method employed in the abundance analysis a straightforward error analysis done by varying the surface gravity and effective temperature used in the model atmosphere is not possible. However, Feltzing (1995) provided such an analysis for two of the K dwarf stars studied here, HD 32147 and HD 61606A, and we may use their derived changes in stellar abundances as a function of model parameters as an estimate of the expected errors in this work. Furthermore FG98 (their Fig.  7 ) graphically shows how Fe I/Fe II and Cr I/Cr II changes with stellar parameter changes for the two K dwarf stars HD 61606A and HD 103932. First they find that the two stars, with quite different metallicities, all the same respond with roughly the same changes in abundances because of the changes in model parameters.
In particular Feltzing (1995) find that a change in effective temperature of +200 K would decrease Fe i with -0.03 dex and Fe ii with -0.29 dex for HD 32147, thus considerably reducing the apparent overionization. Similar effects were found for HD 61606A and also for Cr. A change in surface gravity of -0.4 dex would change the Fe i abundance with -0.04 dex and the Fe ii abundance with -0.21 dex, also almost erasing the overionization. FG98 found no compelling evidence to change the effective temperatures because they did not have a large enough span in excitation energy for the Fe i lines to address excitation equilibrium in the coolest K dwarf stars ( they, however, conclude that "we cannot from our analysis exclude that the apparent pattern of overionization ... is due to a temperature scale several hundred K too low"). Therefore they kept the effective temperatures and a change of 0.4 dex in the surface gravity was considered too large. The present study show that indeed for HD 32147 the effective temperature should be changed by +200 K.
Further, Feltzing (1995) showed that a change of +200 K meant a change around +0.2 dex for Na, Ca, Si, Ti, and a -200 K change -0.2 dex for the same elements. Si, Cr ii, and Fe ii would decrease with 0.15 -0.2 dex for an increase of +200 K, and increase with the same amount if the change was -200 K.
The effects on Sc ii, Co, and Ni are all smaller than 0.1 dex for changes as large as 200 K.
Since our effective temperatures should have errors smaller or around 100 K we would expect the errors in derived abundances to be smaller than the ones quoted above. If the errors are uncorrelated, the worst case would produce an error of ∼ 0.17 dex. However, this is unlikely, considering the small scatter for most elements seen in Fig. 4. 
Comparison with other works
Two stars, HR 203 and HR 1010 were observed for comparison with the results in EAGLNT93. The differences for elements in common are shown in Table 3 . The differences are mostly small in comparison with the errors estimated in the two analyses. Notably, there is a difference in Fe (in spite of the large number of neutral Fe lines used in both works) of 0.05 dex for HR 203 and about 0.10 dex for Ti in both stars. Apart from these deviations the agreement is excellent. The differences in Ti go in opposite directions for the two stars, rising doubt about any systematic reason. Due to the stellar parameters (low metallicity and high temperature), any differences in the two analyses probably give very small abundance errors (i.e. easy continuum level definition and spectral line fitting/measuring due to weakness of lines).
Two of the K dwarf stars, HD 32147 and HD 61606A, were also studied by FG98. The difference in abundances are shown in Table 4 . There are large differences in the derived abundances for several elements. For HD 32147 the reason is that the stellar parameters derived from the photometry were kept throughout the analysis for these stars in FG98, whereas here we have imposed excitation equilibrium in order to determine the effective temperature. This has resulted, for HD 32147, in a change of +200 K of the effective temperature. In FG98 it was not possible, for the K dwarf stars, to derive effective temperatures from the excitation equilibrium due to a lack of useful Fe i lines at low excitation potential in the observed spectra. Spectra for five stars of the FG98 sample have been reanalyzed by us with the methods described above (lower part of Table 1 ). The parameters from FG98 were initially used. Surface gravity was changed for some of the stars. The overlapping spectral regions (only overlapping regions were used, allowing us to use the same set of lines) provided less number of lines than the original set used for our twelve program stars. The regions are presented in Table 2 . We could not justify any change in effective temperature as for the observational sample in this work since the number of available low excited Fe i lines were too low for that decision. It seems however, when studying the abundance patterns and the (lack of) overionization, that the temperatures of the stellar models are rather well chosen. The resulting abundances are presented in the lower part of Table 5 and the stars are represented in the abundance diagrams by circles. The differences in abundances between FG98 and this work for the five stars are similar to those of HD 32147 and HD 61606A, see Sect. 4 and Table 4 .
Stellar abundances
We present our final stellar abundances in Table 5 and (excluding the hot, metal poor dwarfs) Fig. 4 .
The most notable result for our cool metal-rich dwarf stars is that the two most metal-rich stars (HD 32147 and HD 21197) show almost identical abundance patterns for most of the elements in this study. In particular this is true for V, Co, Sc ii, Ti, Si, Cr, and Ni. This is an important finding considering that FG98 found considerable scatter for several of these elements at this metallicity ([Fe/H] = 0.30 dex). The reasons for this are discussed for each element separately below.
The five stars analysed with spectra from the 2.7m McDonald telescope run made by Feltzing in 1994 are in this section referred to as the FG98 re-analysis sample. The Table 4 . Two K dwarfs in common with Feltzing & Gustafsson (1998) . Stellar model parameters used in the abundance analysis are showed, as well as the parameters FG98 used. [X/H] give the abundance derived using the stellar models showed (see also Silicon There is a weak overabundance for Si but no increasing trend appears. This result follows that indicated by the metal rich end in EAGLNT93. It does not confirm the overabundance indicated for Si in cool dwarf stars in FG98. 1-3 lines were used in FG98, 13 in this work. The line-to-line scatter in our data is significantly reduced compared with FG98. The error analysis in FG98 (see their  Table 3 and also several tables in Feltzing, 1995) indicates that for cool K dwarf stars like HD 32147 an increase in effective temperature of 200 K is followed by a decrease in derived Si abundance of around 0.15 dex. The T eff adjustment in Sect. 3.6 lead to that the K dwarfs follow the same trend for Si as do the G dwarfs. These new results show that the large scatter seen in [Si/Fe] in FG98 was partly due to a small numbers of (not optimally selected) lines as well as too low effective temperatures for K dwarf stars. We thus conclude that Si varies in lockstep with Fe also for stars more metal-rich than 0.2 dex. (2000), the major reason for the underabundance in Ca for K dwarf in FG98 was due to erroneously calculated line damping parameters for the Ca lines.
Calcium As shown in Thorén
Any remaining differences in [Ca/Fe] between G and K dwarf stars vanishes when the effective temperatures are adjusted to satisfy the excitation balance, Sect. 3.6. The resulting Ca trend and scatter follows what is indicated in EAGLNT93 and in FG98 for the F and G dwarf stars.
Scandium One Sc ii line was used, four in FG98. They found that Sc ii follows Fe, except for the K dwarf stars, where a large underabundance can be seen. This is not the case here, where Sc ii follows Fe and the warmer dwarf stars. With only one line no strong conclusions can be drawn, though.
Titanium We find [Ti/Fe] to vary in lock step with Fe also for K dwarf stars. This is in contrast to FG98 where the K dwarf stars were low in Ti as compared to the G dwarf stars. This is understandable. Abundances derived from Ti i lines are sensitive to variations in effective temperature, see Table 3 in FG98 and tables in Feltzing (1995) . In fact they found that the effects are larger on K dwarf stars than on G dwarf stars.
The difference of 200 K is enough to bring the Ti i up 0.24 dex, and thus move the K dwarf stars onto solar [Ti/Fe] and with a small scatter for our main sample. We note however, that the FG98 re-analysis sample shows lower [Ti/Fe]. Fig. 4 . Abundance patterns. Dots : abundances for the ten metal rich stars in the sample of this work. Circles : abundances for the five stars of the FG98 re-analysis sample analysed with the methods described in this work. Error bars : formal error (the error in the mean = line-to-line scatter divided by square root of (number of lines -1) ). For the elements with only one or two lines available the formal error has been replaced with mean uncertainty in the spectral fitting of the lines (error bars with 'T' at end).
Vanadium V is overabundant at high [Fe/H] . This is opposite to the case seen in FG98 where the K dwarf stars show underabundances. Four lines are used here, two in FG98. Since we here increase the lowest effective temperature by 200 K, Sect. 3.6, we should expect the underabundance seen for K dwarf stars in FG98 to disappear since their error analysis (FG98 , Table 3 ) indicate that an increase of +200 K will result in and V abundance increased by 0.23 dex. Furthermore, care has also to be taken with broadening of the strong lines. As shown in Thorén (2000) erroneous line broadening may be fatal for strong lines. The effect is worst for the coolest, most metal rich stars. This has been checked for V but no effect could be seen when changing the damping scheme of Anstee & Barklem (1997) , Barklem (1998) used in SPECTRUM to the values used in FG98. Two lines are used in FG98, one (6452.31Å) is in common with this work. This line has in FG98 an astrophysical log gf value 0.5 dex higher than the one used here. This is probably the reason for the difference in behaviour for V. When the log gf value of FG98 is inserted here and the synthetic line fitted, it gives an underabundance of about 0.2 dex.
Taking the five stars of the FG98 re-analysis sample into account the overabundance is somewhat reduced. They do, however, also show an increasing trend with increasing [Fe/H] .
Chromium No sign of Cr under-or overionization is apparent Fig. 5 . The data in Fig. 4 follows the trend seen in FG98, except for the K dwarf stars which are underabundant in that work, this is consistent with the errors analysis presented in FG98 (Table 3) that an increase in effective temperature would result in abundances from Cr i lines would increase by 0.1 dex while those from Cr ii would decrease by 0.15 dex, thus reducing the apparent over-ionization drastically. From our work it is apparent that by imposing excitation equilibrium, see Sect. 3.6, we naturally arrive close to ionization equilibrium as well.
Iron A weak Fe overionization (mean < 0.1 dex), with some scatter is seen in Fig. 5 . The effect seen for K dwarf stars in FG98 is mostly removed though, and no temperature trend for Fe ii can be observed, as seen in Fig. 5 .
Cobalt An increasing trend with [Fe/H] and small scatter is apparent for Co. This can be compared to FG98 where an increasing trend is seen for the K dwarfs but not for the other stars. The overabundance here is ∼ 0.2 dex for the most metal rich dwarf stars. Eight lines were used in FG98, four lines here. Both their K dwarf stars and the dwarf stars here appear to follow the upper envelope of the slowly increasing [Co/Fe] trend for the whole sample of FG98. The five stars from the FG98 re-analysis sample moderate the trend somewhat.
Nickel FG98 found that Ni varied in lock-step with Fe except the K dwarf stars, which were more abundant in Ni than the G dwarf stars. We show that also the K dwarf stars indeed vary in lock-step with iron also for high metallicities. Taking the five stars from the FG98 sample into account a weak increasing trend is revealed. Part of the decreased [Ni/Fe] here as compared to FG98 for the K dwarf stars can be attributed to the change in effective temperatures, Sect. 3.6, but not all. Some of the stars in FG98 showed a considerable scatter in [Ni/Fe] perhaps indicating problems with the analysis of some of the lines used. All of their K dwarf stars, except HD 61606A, show such large scatter, and thus we conclude that part of the high [Ni/Fe] found for the K dwarf stars in their work was also due to problems with the analysis of some of the Ni lines.
We note, however, that the two most metal-rich stars in our sample are slightly more abundant in Ni then the rest of the sample. The new re-analyzed spectra from the FG98 sample show a weak increasing trend with increasing [Fe/H] . They additionally show a larger scatter.
Neodynium We only use one line for Nd, not the same as the single line used in FG98, and the trend seen in their work is not reproduced here. Rather, Nd seems to follow iron, with a considerable scatter. However, any firm conclusion from this material is impossible.
Summary and speculations
We show that [Si/Fe] For Nd the data is uncertain. We find that the α-elements such as Si and Ca follow Fe for high metallicities, in contrast to oxygen which is indicated to keep decreasing with increasing [Fe/H] (FG98). This is, perhaps, a first indication of second sources of α-elements that start to contribute to the galactic chemical evolution on a very long time-scale. This is, of course, a highly speculative suggestion and must await further studies of in particular oxygen to be confirmed or rejected.
Discussion
For the analysed elements, except V and Co and possibly Ni, the cool dwarf stars show the same behaviour as the warmer ones in the [A/A] diagrams. A weak dependence with [Fe/H] is sometimes visible but the variations are within the uncertainties. Co and V show a different trend compared to FG98. V here increases with metallicity, while FG98 shows a decrease. The reason may be a different (possibly erroneous) log gf value for one of the lines used in FG98. Co is here also weakly increasing while no trend (although a weak, almost insignificant trend is seen for the K dwarf stars) is apparent in FG98. The cool dwarf stars in this work are situated at the upper envelope of the pattern indicated there. Fig. 21 in FG98 shows No evidence can be found that cool dwarf stars show non-solar abundance ratios, other than Na (and with weak trends for Co, V and possibly Ni). Na is known to increase compared to Fe for increasing metallicity. This behaviour is reproduced here, with a strong trend with increasing metallicity.
Cool metal rich dwarf stars seem to be usable in investigations of Galactic chemical evolution, if synthetic spectral analysis is used, rather than equivalent widths analysis. The radiation fields shown by the modern MARCS code indicate that only weak NLTE effects should be expected also for other elements than Ca.
Conclusions
The investigation by FG98 left several unexpected results and unanswered questions in particular about elemental abundances in K dwarf stars. Applying new methods, tailored to suite the K dwarf stars, in our abundance analysis we have been able to answer a number of these questions. In particular we find that:
-by imposing excitation balance for Fe i lines we naturally arrive close to LTE ionization balance for Fe and Cr -stellar abundance results for cool K dwarf stars are more or less the same as for their warmer counter-parts -we show that the stellar atmosphere models of the coolest stars need temperature corrections as compared to the calibrations presented by Olsen (1984) . This may indicate a systematic error in the calibration for the stars with colours b − y > 0.51 -according to the photometric calibration for the metallicity (Olsen, 1984) , HD 42182 is a Super-Metal-Rich (SMR, [Me/H]>0.20, Taylor, 1996) candidate star. This is not confirmed by our data. Also, HD 21197, which has just above solar metallicity from the photometry is showed to be a SMR star, as well as HD 32147 -the two most metal-rich stars in our sample show extremely similar abundances, which makes it possible to draw strong conclusions on the stellar abundance trends - Appendix A: Atomic line data for the LTE analysis
The following columns appear in Table A .1: χ is the excitation energy of the lower level of the line transition. log gf is the logarithm of the lines astrophysical oscillator strength times the statistical weight of the lower level of the line transition. For Ca (except the 5867Å and 6798Å lines) the log gf values were taken from Smith (1981) and Smith & O'Neill (1975) . δΓ 6 represents the value used for pressure line wing damping. Pressure line wing damping was calculated according to Anstee & O'Mara (1995) , Barklem & O'Mara (1997) and Barklem et al. (1998) for the lines marked with asterisks. For the lines with a δΓ 6 value, this was multiplied with the classical Unsöld damping value.
The δΓ 6 values used were 2.50 for all elements except Ca (Smith, 1981; O'Neill and Smith, 1980) , Na (δΓ 6 =2.00), Si (δΓ 6 =1.30) and Fe (δΓ 6 =1.40), see EAGLNT93 and references therein. Γ rad represents the radiative damping constant. The strong lines printed in boldface have not been used in abundance analysis, only for estimating the surface gravity, see Sect. 3.6. 
